Over recent years, the use of reverse shoulder arthroplasty (RSA) has increased as the indications for its use have expanded to include proximal humeral fractures, cases with humeral and glenoid bone loss, post-traumatic sequelae, and massive rotator cuff tears. [1] [2] [3] [4] [5] As the use of RSA has increased and the indications have broadened, the frequency of observed complications has followed and the revision rate for both humeral and glenoid failure has increased. While the most common causes for revision of RSA are instability and infection, failure of the glenosphere has also been frequently reported, 6 usually due to glenoid loosening. 7 As glenoid loosening is an important complication of anatomical total shoulder arthroplasty (TSA), several revision options have already been investigated, including revision of the glenoid component, conversion to RSA, or conversion to hemiarthroplasty. [8] [9] [10] [11] Compared with TSA, failure of RSA due to aseptic glenoid loosening is rare, with a prevalence ranging from 1.7% to 3.5%, 6, [12] [13] [14] [15] [16] often attributed to excessive height or superior inclination of the glenosphere. 6 There has been little investigation into the results of treatment options for glenoid loosening in RSA; current practice is to replace the glenosphere if there is sufficient bone stock, with salvage conversion to hemiarthroplasty being recommended when all other options are contraindicated. 6, 13, 17 To the authors' knowledge, there are no published investigations of failure characteristics and treatment options for glenoid loosening in RSA. The purpose of this study was to describe and analyze a consecutive series of failures following RSA due to glenoid loosening, and to report the outcomes of different treatment options at a minimum follow-up of two years.
Follow us @BoneJointJ THE BONE & JOINT JOURNAL
criteria were adult patients with a minimum follow-up of two years. Cases of loosening due to infection were excluded as were those treated with excision arthroplasty. A total of 86 patients (91 shoulders) were screened for eligibility, of which five were excluded due to infection and two were treated using excision arthroplasty. This left a cohort of 79 patients (84 shoulders), 19 of whom were men (19 shoulders, 23%) and 60 of whom were women (65 shoulders, 77%), with a mean age of 70.4 years (21 to 87) at the time of index RSA (Table I ). The dominant side was affected in 60 patients (60 shoulders, 71%).
The study protocol received institutional review board approval (IRB #2018-01). Treatments. All shoulders had been treated either conservatively or surgically depending on the amount and quality of remaining glenoid bone. Conservative treatment comprised immobilization for six weeks, followed by progressive mobilization without physiotherapy or strengthening. Surgical treatment consisted of revision of the glenosphere or conversion to hemiarthroplasty. The treatment option was selected by each surgeon, based on their own experience and preferences, and informed by the mode of loosening of the glenoid and characteristics of the patient. Conservative treatment was preferred for patients with adequate secondary stabilization of their loosened glenoid components. Revision of the glenoid component was deemed necessary for patients with an unstable glenoid component, particularly those with broken screws but adequate glenoid bone stock. Conversion to hemiarthroplasty was performed as a salvage procedure for patients with an unstable glenoid component and severe glenoid bone loss, particularly in patients who had undergone two or more previous operations on the affected shoulder. The surgical approach was either deltopectoral or transdeltoid, 18, 19 depending on surgeon preference and clinical picture. There were no transfers of the latissimus dorsi. 20 To compensate the glenoid bone loss, allografts were sometimes used in case of conversion to hemiarthroplasty and iliac crest autografts were systematically used to restore bone stock when the glenoid component was revised. 21 The postoperative management was based on previously described protocols. 22, 23 Radiological evaluation. Radiographs were available for 56 of the 84 failed RSAs, including true anteroposterior, lateral scapular, and axillary views. Glenoid loosening was confirmed following the criteria of Mélis et al, 24 the criteria being the presence of a radiolucent line > 2 mm thick. Radiographs were analyzed using Osirix (Pixmeo, Geneva, Switzerland) to describe loosening and/or migration of the glenosphere, screw breakage, or secondary stabilization. Secondary stabilization was defined by absence of additional movement of the implant over a sixmonth period, disappearance of radiolucent lines around the screws and the peg, and clinical improvement. Clinical evaluation. Baseline clinical parameters were collected at the index RSA operation, including patient age, gender, body mass index (BMI), comorbidities, and indications for surgery. Complications were reported according to the classification of Zumstein et al. 16 Clinical evaluation included Constant score, 25 active range of anterior elevation, and external rotation. Clinical evaluation was performed when the diagnosis of glenoid loosening was made and at a minimum of two years after initiation of conservative or surgical treatment. Patient satisfaction with the treatment of glenoid loosening was assessed as either 'dissatisfied', 'satisfied', or 'very satisfied'. Statistical analysis. Shapiro-Wilk tests were used to assess the normality of distributions. For non-Gaussian continuous data, differences between groups were evaluated using MannWhitney U test. For categorical data, differences between groups were evaluated using Fisher's exact test. Multivariable linear regression was performed to determine associations between the pain component of the Constant score (the only outcome significantly associated with treatment option) and five independent variables (gender, age at index RSA, follow-up, indication for index RSA operation, and treatment option). Statistical analyses were performed using R version 3.3.3 (R Foundation for Statistical Computing, Vienna, Austria). A p-value < 0.05 was considered statistically significant. Failure of previous shoulder arthroplasty 23 (27) Dislocation arthropathy 
Results
From the original cohort of 79 patients (84 shoulders), 28 patients (29 shoulders, 35%) were treated conservatively, 25 patients (27 shoulders, 32%) underwent revision of the glenosphere, and 27 patients (28 shoulders, 33%) were converted to hemiarthroplasty. At the index RSA operation, the three groups differed significantly in terms of BMI, indication for surgery, and implant type; in particular, conversion to hemiarthroplasty was more common when the index operation was a revision and when intraoperative complications occurred during index surgery (Table II) . The three groups did not differ in the inclination (Fig. 1 ) or degree of migration (Fig. 2 ) of the glenosphere, nor in the location of loosening (screws or central peg) (Fig. 3 ). The conservative treatment group, however, included fewer broken screws (5%) than the glenosphere revision (40%) and hemiarthroplasty (25%) groups (p = 0.023). As might be expected, more cases of secondary stabilization were seen in the conservative group (47%) than in the glenosphere revision (7%) and hemiarthroplasty (5%) groups (p = 0.001) (Table III) .
Post-treatment complications were noted in one shoulder that had been treated conservatively (periprosthetic fracture), in three shoulders that had revision of the glenosphere (one acromion fatigue fracture and two cases of scapular notching, of which one led to screw breakage), and in one shoulder that had undergone hemiarthroplasty (stress shielding of the proximal humerus). At last follow-up, external rotation did not improve in any of the three groups (Fig. 4) Fig. 5 ). Finally, revision of the glenosphere was associated with higher patient satisfaction (57%) than conservative treatment (20%) or hemiarthroplasty (6%) (p = 0.004). Univariable analysis revealed that improvements in pain were significantly smaller in younger patients (p = 0.028) and following hemiarthroplasty (p = 0.016). Multivariable analysis confirmed that revision of the glenosphere led to similar improvements in pain relief compared to conservative treatment (beta, 0.44; CI -3.76 to 4.63; p = 0.834), but that there were significantly worse results following hemiarthroplasty (beta, -5.00; CI -9.56 to -0.53; p = 0.029) ( Table V) .
Discussion
The purpose of this study was to evaluate a consecutive series of RSA failures due to glenoid loosening and to report functional improvements following different treatments. Over one-third of these shoulders were treated conservatively, and another one-third were treated by revision of the glenosphere, both of which granted better clinical improvements than hemiarthroplasty. Glenoid loosening after RSA is a rare but burdensome complication (1.7% to 3.5%), 6, [12] [13] [14] [15] [16] which may be related to infection, 24 poor bone stock, 13, 26, 27 design of the glenoid component, 28 ,29 technique of fixation, 13 or excessive shear forces (Table VI) . In this series, we excluded cases of glenoid loosening due to infection, in order to focus on mechanical failures. Following RSA, the lever arm of the deltoid muscle is increased, thereby improving abduction range. 30, 31 In abduction, the glenosphere provides the stable fulcrum, to allow shoulder elevation and prosthetic stability. 30 The increase Pre-and post-treatment active anterior elevation and external rotation depending on glenoid loosening treatment (conservative vs glenosphere replacement vs conversion to hemiarthroplasty). The plots illustrate median values (horizontal black lines), interquartile ranges (boxes), 95% confidence intervals (whiskers), and outliers (dots). Asterisks (*) indicate where significant differences were found between groups.
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in compressive forces has a stabilizing effect on the glenosphere, 32 while shear forces could contribute to destabilizing this semi-constrained component, 33 potentially leading to glenoid loosening.
Different locations and modes of failure have been observed. Loosening may appear at the interface between the baseplate and the native scapula, the interface between the scapula and any bone graft used, or in the body of the scapula, medial to the baseplate screws. This is important as it dictates the type of revision surgery possible.
In our series, one-third of RSA failures due to glenoid loosening were treated conservatively, with comparable clinical improvements to revision of the glenosphere. A study of 16 consecutive glenosphere revisions after failed RSA 34 reported pain relief and improved function but higher complication rates than primary RSA. We, therefore, suggest treating RSA failures due to glenoid loosening conservatively whenever possible. If conservative treatment fails, revision of the glenosphere could be considered as a subsequent option, 35 and conversion to hemiarthroplasty should remain a last salvage option.
Our practice has been informed by the results of this study. Given that secondary stabilization is possible, we do not recommend passive or active movements during the first six weeks postoperatively if immediate signs of loosening are observed. For the same reason, we recommend that shoulders with acute superior glenosphere migration and inferior inclination should first be treated conservatively rather than revised immediately, as they may go on to stabilize with a good Pre-and post-treatment Constant score (total and pain component) depending on glenoid loosening treatment (conservative vs glenosphere replacement vs conversion to hemiarthroplasty). The plots illustrate median values (horizontal black lines), interquartile ranges (boxes), 95% confidence intervals (whiskers), and outliers (dots). Asterisks (*) indicate where significant differences were found between groups. 7, 14, [36] [37] [38] Over three-quarters of our cases (77%) of glenoid loosening were in women, which would appear to corroborate the existence of female gender as a risk factor, but we do not know the gender distribution of the cohort as a whole once successful RSA is included. In our series, 17% of patients had inflammatory osteoarthritis, which is above the 11% prevalence in a recent nationwide database study, suggesting that this may represent a risk factor for loosening. 39 This study has limitations typical of retrospective designs, including missing preoperative, radiological, and clinical data. As a result, only improvements in external rotation, anterior elevation and Constant scores could be analyzed. Moreover, the choice of treatment was not randomized but based on subjective assessment of remaining glenoid bone volume and quality, which rendered direct comparisons among the treatment groups difficult. The hemiarthroplasty group comprised patients who had worse clinical scores prior to revision and the poor results in this group are at least partly a result of this difference at baseline. Because of missing data, some confounding factors could not be controlled for in the multivariable analysis. The strengths of this study include the fact that it is large (given that this is a rare complication) and, by conducting the study over a number of centres, we can reflect the experience of a large group of experienced shoulder surgeons. Future prospective trials are needed to confirm our findings.
This study has demonstrated that better clinical improvements are achieved by conservative treatment and glenoid revision compared to salvage hemiarthroplasty in cases of glenoid loosening in RSA. We recommend that, when possible, glenoid loosening after RSA should ideally be treated conservatively, then by revision of the glenosphere, and last by salvage hemiarthroplasty. Further prospective studies with larger cohorts are needed to identify risks factors for each treatment to help surgeons choose the most suitable treatment based on patient characteristics.
Take home message
-Glenoid loosening may appear at the interface between the baseplate and the native scapula, the interface between the scapula and any bone graft used, or in the body of the scapula, medial to the baseplate screws.
-Over one-third of glenoid loosening are treated conservatively, and another one-third by revision of the glenosphere, both of which granted better clinical improvements than hemiarthroplasty. -Given that secondary glenosphere stabilization is possible, passive or active movements during the first six weeks postoperatively, if immediate signs of loosening are observed, are not recommended.
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